The effect of ethanol ingestion on thiamine metabolism was studies both in man and rats, and in the latter, the effect on the central nervous system was also studied morphologically. Fifty alcoholics who had consumed 120g of ethanol daily for more than ten years were selected including 7 with delirium tremens. None of them had either Wernicke's encephalopathy or peripheral neuritis. More than half of them had blood thiamine levels within the normal range. With the determination of the hemolysate transketolase (TK) activity and thiamine pyrophosphate (TPP) effect, however, thiamine deficiency was detected in more than half of them and was seen more frequently in the cases with liver damage. All patients with delirium tremens except one had both liver damage and thiamine deficiency. In the animal experiments, when 36% of the daily total calorie of the thiamine-deficient diet was given as ethanol for 35 days, the thiamine content of the liver and brain was not decreased as much as in the rat which received the same but non-ethanol diet. Although the TK activity of the liver was low, TPP effect was also decreased. It seemed that ethanol had a sparing action on the thiamine deprivation, but impaired the TK activity of the liver through involvement of factors other than thiamine deficiency. Bilateral diapedesis and status spongiosus of the neuropile were seem in the lateral vestibular nucleus of the rat fed on thiamine-deficient and non-ethanol diet. This typical lesion for thiamine deficiency was not seen when ethanol was added. Instead, degenerative changes in both Purkinje cells and Bergmann glia were remarkable. The changes were much more severe when the rats were fed for a longer period of time (75 days) with a minimal amount of thiamine added to the diet. When the rats were fed on ethanol and thiamine-replete diet for a longer period of time (135 days), there were most remarkable changes in astroglia in the striatum. It is suggested that the thiamine deficiency could augment 
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MATERIALS AND METHODS

I. Clinical study
Fifty chronic alcoholics were selected at random from both the National Kurihama Hospital and the 2nd Department of Medicine, Toho University School of Medicine (47 males and 3 females, ranging in age from 38 to 71 years, 48.2 years on average), who had drunk more than 69g (about 540ml of Japanese sake) of ethanol daily for more than 10 years. None of the patients had clinical evidence of metabolic, gastrointestinal, cardiac, or renal disease. All the patients managed to live socially, although they were habitual excessive drinkers . None of them were taking vitamin preparations. As the control group, 20 university students without any abnormalities found on routine physical examinations were selected.
Alcoholics were divided into two groups according to their serum GOT and GPT values. Twenty-five subjects who had SGOT values above 25mU/ml and/or SGPT values above 20mU/ml were placed in the group with liver damage, and others in the group without liver damage.
In all subjects, blood thiamine levels, transketolase (TK) activity of the red cell hemolysate and thiamine pyrophosphate (TPP) effect were determined. Blood samples were always obtained from the antecubital vein early in the morning during fasting. The rats on thiamine-replete diet and control formula (group 1) showed a good growth curve, while thiamine-replete diet and ethanol-fed rats (group 2) showed a significantly depressed curve. These two groups remained asymptomatic and appeared healthy throughout the experimental period. The body weights of rats fed on thiamine-deficient diet and control formula (group 3) increased as progressively as those of the controls for the first 18 days of the experiment , but decreased steadily thereafter with a decrease in appetite and activity until day 35 , when the rats suffered from severe disturbances in posture and equilibrium . At this time, rats in group 4 also showed some unsteady gait and frequent abnormal posture with arching of the back.
The terminal average body weight for groups 2 , 3 and 4 was significantly lower than that for group 1 (p<0.05), being lowest in group 4.
The results for average weight in the other two groups for the chronic experiments (groups 5 and 6) are shown in Fig. 5 . After approximately 30 days on thiamine-deficient diet, the average body weight for group 5 stayed on a plateau for 15 days and then decreased progressively . Group 6 showed a satisfactory weight gain. Group 5 showed some unsteadiness of gait on day 75 as observed in group 4. Group 6 remained asymptomatic. 2. Chemical analysis 1) Thiamine content. experiment.
The thiamine contents of the brain and liver were significantly lower in thiamine-deficient groups (groups 3 and 4) than in thiamine-replete groups (groups 1 and 2). However, there was no difference between groups 1 and 2. In thiamine 2) TK activity. 3. Histological studies The microscopic features reported here are based on 5 rats selected from each group. They were killed on days 35, 75 and 135 of the experiments. The vestibular nuclei, cerebellum, and striatum (caudate nucleus and putamen) were studied by light and electron microscopy.
2) Thiamine-deficient, and non-ethanol fed rats (group 3). The lateral and superior vestibular nuclei were invariably involved. There was bilateral symmetrical small hemorrhage in all animals killed at the initial stage of tonic seizures .
By light microscopy, the lesions were characterized by severe status spongiosus of the neuropile, and petechial hemorrhage (Fig . 6) . No abnormal lesion was found in the cerebellum and striatum.
2) Thiamine-deficient, and ethanol fed rats in the subacute (group 4) and chronicity (group 5) experiments. There was no difference between the two experiments in terms of clinical symptoms and signs .
There were no gross and microscopic alterations in the vicinity of the vestibular area. Lesions were observed in the cerebellum , caudate nucleus and putamen. The animals in the chronicity experiment showed more severe pathological changes than did those in the subacute group, although there was no essential difference between the two groups in terms of the nature of the changes .
Cerebellum. There were striking changes in the Purkinje cell layer , especially in the vermis. Most of the Purkinje cells were atrophic and showed dark cytoplasm and dendrites. No Nissle substance was present. The Bergmann astrocytes sur rounding the shrunken Purkinje cells were increased in number and had extensively swollen cytoplasm (Fig. 7) .
At the ultrastructural level the expanded cytoplasmic space of the Bergmann glia showed finely reticular profile containing a small amount of rough-surfaced endoplasmic reticulum (r-ER) and ribosomes, while the mitochondria were re latively well preserved. The nuclear chromatin was clumped along the nuclear envelope (Fig. 8) .
Numerous lamellar bodies were formed in the cytoplasm of the Purkinje cells instead of a reduction in the amount of r-ER. The ribosomes were scattered either freely or as polysomes in the cytoplasmic matrix. Another characteristic feature of Purkinje cells included a ring-shaped Golgi apparatus. The nuclei had an irregular nuclear membrane and clumped chromatin with rarefaction of the interchromatin spaces (Fig. 9) . Dendritic processes were surrounded by edematous astrocytic processes.
In the molecular layer the Bergmann glial processes were electron-lucent and swollen, being more swollen at the ends near the pial surface (Fig . 10) .
Striatum. There was some swelling of both cytoplasm and nucleus of the astrocytes. The neurons showed no significant changes .
3) Thiamine-replete, and ethanol-fed rats in the chronicity experiment (group 6) Cerebellum. The changes in cerebellum were not so severe as those observed in THIAMINE   METABOLISM  AND  ETHANOL  INGESTION  277   Table 5 . Distribution and severity of histopathological changes.
The severity of the neuronal and glial changes was graded as follows; negative (-), mild (+), moderate (+ +), and severe (+ + +).
thiamine-deficient ethanol groups (groups 4 and 5). The Purkinje cells were shrunken and atrophic, particularly in the antero-superior vermin. The Bergmann glia was slightly swollen and pale. Striatum. This was the most heavily involved structure in this group. Alzheimer Type II astrocytes were observed in the perivascular area (Fig. 11) .
Most astrocytes became hypertrophic, with greatly expanded cytoplasm and broad processes extending into the adjacent neuropile (Fig. 12) .
The neuronal changes were characterized light microscopically by the presence of central chromatolysis and ultrastructurally by the paucity of r-ER and free ribosomes in the periphery of the cytoplasm (Fig. 13 ). There were no abnormalities in the blood vessels. The vestibular nuclei were not remarkable. Table 5 summarizes the major histopathological findings. There was good correlation between the severity of clinical manifestations and the degree of morphological changes. The areas of vestibular nucleus were most heavily involved in rats in the subacute thiamine-deficient experiment (group 3). They were characterized by necrosis of the neuropile often accompanied by hemorrhage. On the other hand, the cerebellar cortex was most heavily involved in the animals in the chronic thiamine-deficient experiments (group 5). It was characterized by central chromatolysis of Purkinje cells and degenerative changes of Bergmann glia. Changes in the region of the corpus striatum were more pronounced in the animals on chronic ethanol administration (group 6) than in any other groups, being mainly characterized by the appearance of Alzheimer Type II astrocytes and mild chromatolysis of the large neuron.
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DISCUSSION
The amount of ethanol consumed by the subjects selected for the present study was 120g daily over more than ten years, which is the amount well known to cause the development of a variety of pathologies (11). Nevertheless, the major com plication was liver injury, which was seen in half of the cases, and no neurological manifestations such as Wernicke's encephalopathy or peripheral neuritis were found in the present series, although seven cases of delirium tremens were included in the alcoholics with liver injury.
Therefore, the condition of the subjects of the present study seemed to be unrelated to thiamine deficiency which is known as an important factor causing neurological pathologies in alcoholics. Although the blood thiamine levels of the subjects were lower than those of the control on the average, more than half of the subjects had the levels within the normal range, and no difference was seen between the cases without liver damage and those with liver damage. Moreover, in all cases of delirium tremens, the levels were higher than 40ng/ml.
However, as has been pointed out by many workers (7, 12, 13) , the blood thiamine level does not necessarily reflect the deficient state of thiamine, or the presence of disturbed thiamine metabolism in the body. The methods introduced by Brin and his associates (7) Despite a marked decrease in the thiamine content of the cerebellum, there was no morphological change in the cerebellum in the present study, as opposed to the results reported by Collins and Converse (24). The cerebellar changes in animals on thiamine-deficient and ethanol diet were distinctly different in nature from those in animals on thiamine-deficient diet alone. Some consider them to be artifacts (25), but we presume them to represent changes occurring in reaction to some metabolic derangements in view of overall morphological changes of Purkinje cells, while the significance of the lamellar bodies in the Purkinje cells remains unknown (26). Jarlstedt and Hultborn (27) indicated that chronic ethanol administration caused a decrease in the RNA content of the Purkinje cells. Miyakawa et al. (28) reported cerebellar changes similar to those in our experiment in rats given ethanol for a long period of time. Therefore, the changes in Purkinje cells seem to be a direct effect of ethanol or its metabolites.
The severity of cerebellar changes was correlated directly to the amount of ethanol consumption. This may be partly supported by the increased vulnerability of glia during thiamine deficiency (29, 30), but the synergistic effect of ethanol seems to be necessary to build up the changes in the glia and neurons. Although glia is considered to have an important metabolic function interacting with neurons , whether the changes of Bergmann glia represent reactive changes secondary to the Purkinje cell dysfunction or are ascribable to the direct toxic actions of ethanol and/or its metabolites remains unanswered in the present study.
In animals in which ethanol was administered for a long period of time , there were striking astroglial changes in the corpus striatum as compared with animals of other groups. Although it is difficult to conclude that such changes are the direct effect of ethanol or its metabolites, they seemed unrelated to thiamine deficiency in view of the findings in groups 3 and 4. The changes of the large neuron seemed to be associated with the changes in the glia.
There were no findings in the present study indicative of a repairing process as described in Man with Wernicke's encephalopathy. Watanabe and Kanabe (31) pointed out that the tissue reaction in human Wernicke's encephalopathy could possibly be augmented by therapeutic thiamine administration. The reason for the lack of such chronic reactive changes in the present experiment seemed to be that the changes observed were purely the effects of either thiamine deficiency or ethanol administration or both, although the influence of nicotinic acid deficiency which might have occurred should also be taken into consideration.
The changes in the vestibular nuclei observed in animals on pure thiamine -deficient diet could not be reproduced when ethanol was administered. On the other hand, the cerebellar changes in animals on thiamine-deficient and ethanol diet could be considered primarily as ethanol-related changes, which were accelerated by thiamine deficiency. Thus, the present study strongly suggests that ethanol could play the most important part in the morphogenesis of the cerebellar changes and that thiamine deficiency augments them. 
